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Preface 

We at ERIM ar t very pleased with the initial success of the Landsat 
Technology Transfer through Community College programs. The degree of 
success can be measured by the enthusiastic response of most of the 
progrtim participants, the efforts currently being made by a number of 
organizations to obtain their own Landsat capability patterned after 
what was used in this program, and the additional organizations that 
wish to participate in the future. 

In a large part, the success of the program can b„ ascribed to the 
dedication and enthusiasm of the many people and organizations outside 
of ERIM chat were involved in the program. Particular thanks should be 
given to Dr. Eugene Jaworski and his staff at Eastern Michigan 
Uaiversity. Dr. Jaworski was largely responsible for the RAS User's 
Manual and rnaol of the training material. Further, the EMU facility 
was used as a test bed and training ground during the initial workshops. 
Other facliitief; participating as hosts were Daedalus Enterprises 
(Steve Goodman), C.S. Mott Community College (Dr. Douglas E. Laine) , 
Michigan GLS Region (Robert Karwowsk:0> Wayne County Community College 
CDr. Elaine J. Wallace) , Southeast Michigan Council of Governments 
(Danial Snyder), and the Detroit Edison Company (Mr. William T, Cummings) 
We wish to gratefully acknowledge the hard work and support provided by 
these people and their organizations, without which the success of the 
program could not have been achieved. 

We also wish to acknowledge the vision and support of the NASA 
personnel who recognized the potential of the project and saw to it that 
the program got off to a good start. Specifically, we would like to 
thank Mr. Floyd Roberson c*' NASA Headquarters, who was convinced that 
the network of community colleges of the Southeastern Michigan Technical 
Assistance Program (SEMTAP) could be used for Landsat technology transfer 
and Messrs. J. Weber* and T. Austin** of NASA Goddard Spaceflight Center, 
who so ably assisted in getting the program started. 


*Now with NASA Hqs 

**Now with OAO 
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1 

BACKGROUND 


Since the initiation of the Landsat program, most government 
technology transfer efforts dealing with Landsat use have been focused 
primarily on the public sector - Federal agencies and State 
governments - and have not involved the private sector to 6.ay 
significant extent. The application of Landsat data in the private 
sector has been limited primarily to the private suppliers of Landsat 
data processing and analysis equipment and services - aerospace 
companies and a limited number of users in sectors such as the mineral 
and petroleum industry and timber companies. However, there are many 
other potential private users who ha%'e not yet incorporated Landsat 
technology in their array of services; some examples are architectural 
and engineering firms, computer data processing firms, energy and 
environmental companies, and other consu] Cants providing services in 
land use planning and development. Lack of greater involvement by 
these potential users has retarded the growth of Landsat technology, 
since engineering firms do much of the land u^e mapping for both 
government and private industry. 

Recent surveys show that a large number of potential users in the 
private sector and at local agencies are interested in becoming 
consumers or suppliers of Landsat-derived products and services. 
However, they have been prevented, from entering this market by the 
high cost of analysis facilities and the difficulty of obtaining 
training in the new technology. To evaluate methods for bridging this 
gap NASA established a 12-month program with the Environmental 
Research Institute of Michigan beginning 20 December 1979 with the 
objective of investigating methods of making Landsat technology 
readily available to a broader set of private sector firms through 
local community colleges. 
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TECHNICAL APPROACH 


To achieve the desired objective - the successful transfer of 
Landsat technology - the program applies a network (Figure 1) where 
the basic partners are NASA, a university or research institute, 
comrmnity colleges, and local-private and public organizations. The 
methodology employed by the program gives local users an opportunity 
to obtain "hands-on" training in Landsat data analysis techniques, 
using a desk-top, interactive "Remote Analysis Station" (RAS). The 
RAS communicates with a central computing facility via telephone line, 
and provides for generation of land cover maps and data products via 
remote command. 

The role of the university or research institute in this model 
ncty^ork, is to provide demonstration and training host computer 
services for the Remote Analysis Station (RAS), develop training 
packages and programs, and to support seminars, minicourses and 
workshops staged by the community colleges. For their part, the 
colleges classify and organize business and industry in their 
neighborhoods in accordance with technical or information needs, 
organize and host seminars for potential users and suppliers of 
Landsat data products, and serve as local contact points for technical 
assistance . 

To meet the needs for the use of RAS terminals for both training 
and demonstration projects an agreement was established in Phase I 
where local organizations, selected for demonstration projects, would 
also support college-sponsored seminars by providing off-campus sites 
for the terminals as well as staff to help the trainees. These hosts 
would in turn have an opportunity to use the terminals on a time- 
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available basis to conduct the demonstration projects and to train 
other employees of their ^organization. 

This basic agreement used during Phase I to link the academic 
institutions with private and public organizations participating as 
hosts for a RAS terminal follows: 

1. The host organx..ation must have one or more persons trained 
in the use of the terminal before it is moved on-site. 

4. If the RAS terminal is made available to the public (e.g., 
registered trainees from outside the host organization), one 
or more persons at the host facility will be identified as an 
associate instructor to help trainees as needed. The 
associate instructor will not generally receive payment from 
the college or from NASA for this support. 

3. In lieu of payment for supporting the training of registered 
participants, the associate instructor may use the RAS 
terminal on a time-available basis to conduct a demonstration 
project and to train other employees of the host 
organization. The staff being trained at the host facility 
would not normally pay college fees unless college credits 
are needed. 

This agreement for sharing program resources (i.e., two 
terminals) and the model network of Figure 1 were successfully applied 
in southeast Michigan during Phase I to deliver Landsat technology to 
100 or more r r'icing professionals at the "grass roots" level. A 
summary of this activity follows in Section 3 together with the 
recommendations and plans for a Phase II effort (Section 3.4) which 
continues the expansion of the use of Landsat technology involving 
additional community colleges and more local users. 
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SUMMARY PHASE I PROGRAM 


To achieve the desired objective - the successful transfer of 
Landsat technology - the first 12-month program accomplished the 
following specific objectives: 

1. Established program participants (e.g., colleges, engineering 
firms, etc.> for three cooperative transfer efforts which 
demonstrated an effective method of transferring Landsat 
technology to the private sector and local agencies at the 
"grass roots" level. 

2. Developed an operating methodology for the remote, 
interactive analysis of Landsat data and the generation of 
the output product. 

3. Developed and implemented technology transfer and training at 
"grass roots" level. 

4. Developed a plan for expanding the technology transfer 
program, on a self-sustaining pay-as-you-go basis for users, 
with seed money for community college training grants. 

To facilitate comparisons between the work accomplished and these four 
objectives, this section is organized into four subsections having the 
same titles as the program objectives. 

3.1 ESTABLISH NETWORK PARTICIPANTS 

This objective required the development of plans and selection of 
initial participants for a network (Figure 1) to effectively transfer 
Landsat technology to the private sector and local agencies (grass 
roots). Program constraints (e.g., funding and facilities) limited 
the participants to: 
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o Three colleges to organize and conduct the seminars. 

0 Four local organi;zations from the private and public sector to 
provide host facilities for the terminals for training and 
demonstrations. 

o Three principal instructors and seven assistant Instructors to 
deliver the training. 

0 About 80 trainees. 

Activity to identify these participants included three workshops 
(Figure 2) and user awareness publications followed up with 
questionnaires to establish: user interei t and possible applications 

for Landsat technology; and user preferences regarding training 
methods, locations for classes, etc. Criteria used to select 
participants included: expressed interest in remote sensing and 

Landsat technology; and, in the case of the private and public sector 
users, available application and market for use of Landsat products. 
Another important criterion was the willingness and likelihood that 
the participant would continue to use or provide training in the use 
of Landsat technology. 

The workshops and discussions with NASA established the colleges 
and local organizations who would participate in the initial training 
and demonstration programs. To reach as many practicing professionals 
as possible within southeast Michigan the participants were organized 
by region into three cooperative efforts for the purpose of delivering 
the training and demonstrations. Participants in all three transfer 
efforts included the Southeastern Michigan Technical Assistance 
Program (SEUTAP) and the Michigan Community College Association 
(MCCA). SEMTAP and MCCA are coordinating the results of this 
investigation with other community colleges in the state and assisting 
with Phase II planning. 

The Phase I network participants and their roles in the transfer 
activity, as described in the following, demonstrate one method by 
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F1g;re 2. Reviewing Landsat Technology Transfer Program 
With Community College Presidents Ard Staff 




Flint, Michigan, 48503 (313) 762-0278. A three-day seminar at this 
college was followed by hands-on training on the RAS terminal at Mott 
Community College and the Genessee-Lapeer-Shiawassee (GLS) Regional V 
Planning and Development Commission (PDC) Office. Eight trainees 
registered for this program. 

The principal Instructor for this seminar was Robert Karwowski, 
who represented both Mott Community College and the GLS Region V 
Office. Associate Instructors included John Coil of GLS Region V and 
Phillip E. Chase of Johnson and Anderson, a major consulting 
engineering organizatico in Pontiac, Michigan. A radio-TV media event 
was staged on October 19, 1980, in Flint, Michigan, to increase public 
awareness about Landsat technology transfer efforts. 

This second cooperative effort and the third (reviewed in the 
next section) included non-profit regional planning agencies (i.e., 

GLS Region V and SEMCOG) as partners with the community colleges. 

This relationship facilitates marketing Landsat technology over a 
broader region. These planning organizations have day-to-day working 
contracts with targeted firms (e.g., consulting engineering 
organizations) and an already developed assessment of numerous 
community and business needs which the targeted firms service. In 
Michigan each county is also within a regional organization boundary 
providing a network which also links the region to the counties and 
townships. Regional organizations act as a clearinghouse for 
environmental, energy, transportation, housing, and economic 
development programs. Further, since these organizations serve 
clearinghouse roles, an extensive data base has been developed and 
serves as a repository for public and private use. Most regional 
organizations, for example, maintain aerial photographs, various maps 
(e.g., land use, topographic, soils) and other resource information on 
their region. Tnis data base must be used, if applicable, by private 
concerns if federal funds are being requested for work in the region. 



which public and private organaizations can join in cooperative 
ventures to transfer Land.sat technology at the grass roots level. 

3.1.1 FIRST COOPERATIVE TECHNOLOGY TRANSFER: 

22 SEPTEMBER TO 4 OCTOBER 1980 

This activity consisted of a two^week seminar offered as credit 
or non-credit by Eastern Michigan University (EMU), and other training 
and demonstrations supported by the staff of Daedalus Enterprises and 
EMU students and faculty. Copies of brochures used by EMU and the 
other colleges to announce the seminars are included in Appendix A. 

Since Dr. Eugene Jaworski of EMU prepared the original manuscript 
of the training package (i.e., workbooks and RAS User's Manual), he 
was selected to take the lead as the principal instructor for the 
first seminar. Fifteen trainees registered at EMU for this course.. 
Another key participant in this seminar was Steve Goodman, of Daedalus 
Enterprises. Mr. Goodman was the associate instructor. A RAS 
terminal was on-site both at Daedalus in Ann Arbor and at EMU in 
Ypsllanti, Michigan, so that trainees registering for the seminar 
could obtain hands-on training at the most convenient location. 

The RAS terminal was also used by Steve Goodman while it was 
on-site at his company to train 12 employees in the analysis of 
Landsat and aircraft scanner data and to carry out demonstrations of 
interest to Daedalus. Daedalus is well known as a manufacturer of 
aircraft scanners and used this program as an opportunity to evaluate 
Landsat technology and to assess its own role as a potential supplier 
for Landsat products and services. 

3.1.2 SECOND COOPERATIVE TECHNOLOGY TRANSFER; 

15 OCTOBER TO 20 NOVEMBER 1980 

This technology transfer activity was organized and sponsored by 
Dr. Douglas E. Laine, of C.S. Mott Community College, 1401 East Court, 
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This available data base can also greatly enhance the usefulness of 
Landsat data. Therefore ^ the regional planning office not only 
provides a well equipped office for supporting off-campus training, 
but it also has a well established network which can help the 
dissemination of Landsat technology. 

When the RAS terminal was not is use by trainees registered in 
the seminar, Bob Karwowski of GLS V office used the terminal to train 
other members of the GLS V Planning Staff. 

3.1.3 THIRD COOPERATIVE TECHNOLOGY TRANSFER: 

24 OCTOBER TO 19 DECEMBER 1980 

This technology transfer effort was co: pt »ed of a non-credit 
seminar offered by Wayne County Community College and other 
coordinated demonstration and training activities involving students 
and faculty of the community college, the staff of the Southeast 
Michigan Council of Governments (SEMCOG), and the staff of the Detroit 
Edison Company. The seminars, designed to reach practicing 
professionals in the Detroit Metropolitian area, were organized by Dr. 
Elaine Wallace, Director of Coastal Environmental Studies Project, 
Wayne County Community College, 8551 Greenfield, Detroit, Michigan, 
38228 (313) 584-9381. Dr. Wallace was also the principal instructor 
for the seminar. Associate instructors include; Daniel Snyder of 
SEMCOG and Reginald Beasley, William Cummings, and Jarka Vit of the 
Detroit Edison Company. Mary Ellen Oliver, of the University of 
Michigan Campus at Dearborn, was one of the teaching assistants. 

To make it easy for trainees to ob «in hands-on use of the RAS 
terminal, training sites included the Wayne County Community College 
campus on Greenfield Street (Western suburb of Detroit), the downtown 
Detroit Office of SEMCOG, and the northern suburb office of Detroit 
Edison. The time the terminal was located at each site depended upon 
the number of trainees and type of training at each location. In 


12 


y?RiM 

Jmmmd 


addition to ranking the training available to practicing professionals 
in the region through the seminar , the community college also used the 
terminal to provide Landsat training for some students and staff in 
its Coastal Environmental Studies (CES) Project. 

The CES program is funded by the National Science Foundation to 
develop a Certificate Program and an Associate Degree Program in 
Coastal-Environmental Studies in collaboration with the Engineering 
and Geography Department at Wayne State University, the Michigan Sea 
Grant Program, the Michigan Department of Natural Resources, the 
Geography Department at Eastern Michigan UniveL, ny and local coastal 
and environmental agencies. This two-year program trains students for 
careers as technicians, aides, and attendants in: 1) coastal 

research, 2) environmental studies, 3) chemical engineering, and 
4) coastal planning. Landsat technology was readily integrated into 
the CES project through its geography, geology, and computer data 
processing courses. A list of available jobs for which students are 
being trained has been compiled by Dr. John Judd, Michigan Sea Grant 
Program, and Dr. Merle Raber, Michigan Department of Natural 
Resources. Representative sampling of potential employers in both 
private and public sectors has identified over 1,300 current positions 
for which these graduates will qualify. 

SEMCOG and Detroit Edison supported this seminar and used the 
terminals to train their own staff and to evaluate Landsat 
applications of interest to their respectiv'- organizations. 

Detroit Edison used the terminal to train 12 staff members and to 
investigate the possibility of building a geographic data base for its 
7600 square mile service region by integrating Landsat data with that 
digitized by its Interactive Graphic System (IGS). Immediate 
applications for this data include its use in models and analysis 
designed to aid the selection of transmission line corridors and power 
plant sites. During the training and demonstration period, a copy of 
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the RAS software was loaned to Detroit Edison for installation on 
their PDP-11/70. 

In addition to providing facilities and staff to help seminar 
trainees, SEMCOG is using the terminal to investigate the use of 
Landsat as a possible source for updating the 1975 inventory of its 
seven-county planning region. The 1975 inventory was derived by 
interpreting and digitizing land use information from aerial 
photography. Anticipating the updating requirements, SEMCOG has 
collected new (1980) photography for the region. One method which 
SEMCOG is evaluating would use the Landsat data to point out possible 
areas of land use change and the aerial photographs to interpret these 
changes. The 1975 digital data base would then be edited to 
incorporate the changes to obtain the desired 1980 data base. 

3.2 DEVELOP OPERATING METHODOLOGY 

This objective was achieved through the assembly of equipment and 
techniques by which local users could obtain the capability to develop 
Landsat products and services through community colleges and small 
universities with the aid of a remote analysis station. Intermediate 
goals achieved in the development of this methodology included: 

1. Assembly and test of three desk-top RAS computer terminals 
which can be connected to a central computing facility by 
telephone lines. The three remote stations comprised the key 
means to perform user training and to conduct technology 
demonstration projects. 

2. Integrataion and test of the RAS, including modifications and 
development of new software where needed, to permit RAS 
operation at .the sites of the participating colleges and 
public and private users. 
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The three (3) RAS terminals were completed and in continuous use for 
training and demonstrations from about mid-July, 1980. 

The RAS terminal (Figure 3), reviewed in detail in Appendix B 
consists of a color CRT imagery display, with alphanumeric overwrite 
and keyboard, as well as a cursor controller and modem. This portable 
station can communicate via modem and dial-up telephone with a host 
computer at 1200 baud or hardwired to a host computer at 9600 baud. 

The station contains a Z80 microcomputer which controls the display 
refresh memory and remote station processing. Landsat data is 
displayed as three-band false-color imagery, one-band color sliced 
imagery, or color-coded processed imagery. Although the display 
memory operates at 256 x 256 picture elements, a display resolution of 
128 X 128 can be selected to fill the display faster. The interactive 
operating techniques developed by ERIM permit most of the interaction 
to be performed at the lower resolutions and faster display fill 
rates, with high-resolution capability being used for viewing the 
final processed data. 

The RAS features the following capabilities: 

o Low cost - the station can be assembled from readily 
available hardware for less than $20,000. 

o System portability - the user supplies only electrical 
outlets and a telephone. 

o Interactive control via a simple, menu-driven language. 

0 Dial-up access to host computer with selectable trade-off 
between image viewing speed and quality (resolution). 

0 Histogram display, categorization accuracy tables, and 
results of category separation analysis. 

o Categorized image display in colors selected from list with 
over 40 options. 

o Generation of land cover tabulations directly from display by 
designating boundary of area with cursor. 
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Figure 3. Remote Analysis Stations 



0 Display of selected map categories over false color images. 

0 Input of image and map control points for geometric 
correction. 

The Remote Analysis Station is presently used to access the ERIM 
Earth Resources Data Center for Landsat data processing, including the 
generation of film images and thematic maps. The specifications for 
the host computer and peripherals are included in Appendix C. 

3.3 DEVELOP AND IMPLEMENT TECHNOLOGY TRANSFER AND TRAINING AT THE 
GRASS ROOTS LEVEL 

This objective required the development and delivery of a program 
of training and demonstrations designed to stimulate the market and 
encourage private users to become consumers and suppliers of Landsat 
products. Intermediate objectives achieved in the pursuit of the 
overall goal included: 

1. Development of a training program containing workbooks, RAS 
User's Manual, and other material needed to instruct 
potential users in Landsat data processing and applications. 

2. Training for staff of the colleges and organizations 
participating as terminal hosts, about 20 people. 

3. Support in the form of RAS, host computer time, copies of 
training materials, and other materials needed to conduct the 
three cooperative technology transfer programs, which 
resulted in the training of another 80 or so people. 

The first draft of the training program, which includes a set of 
five exercises which all trainees work through and a User's Manual, 
was completed during August, 1980. This program gives participants an 
opportunity to obtain training in the computer assisted interpretation 
of Landsat data and the generation of digital data bases from Landsat, 
aerial photography and map sources as well as to use these data bases 
for planning and management of the environment, natural resources, and 
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land use. All participants work through five exercises which involve 
18 to 22 hours of training using the RAS terminals. 

The following personnel were trained at ERIM, during the summer 
of 1980 in the use of the training material, so that they in turn 
could support the training and demonstrations at their respective 
organizations. 


1. Dr. Eugene Jaworski, EMU 

2. Steven Goodman, Daedalus Enterprises 

3. Larry E. Reed, ERIM 

4. William Tyler, ERIM 

5. Roger Reinhold, ERIM 

6. George A. Leshkevish, NOA/\ 

7. Rajj. A Aggarauala, U of M 

8. Gaifol Bronick, EMU 

9. Iftekhar Bhatti, EMU 

10. Robert Karwowski, Michigan GSL Region 

11. Phillip Chase, Johnson and Anderson 

12. Vince Wilson, Mott Community College (MCG) 

13. Robert Fry, MCG 

14. Mark Hepe, MCC 

15. Dr. Elaine J. Wallace, Wayne Countv 

Community College 

16. Mary Ellen Oliver, U of M Dearborn 

17. Daniel Snyder, SEMCOG 

18. William T. Cummings, Detroit Edison 

19. Jarka Vit, Detroit Edison 

20. Reginald Beasley, Detroit Edison 


PI* 

AI** 

AI 

AI 

AI 

AI 

AI 

TA*** 

TA 

PI 

AI 

TA 

TA 

TA 

PI 

TA 

AI 

AI 

AI 

AI 


*Principal Instructor 

**Associate Instructor 

***Teaching Instructor 
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21. Leslie Walter, EMU TA 

22. Lu Anne Horvath, EMU 

Training material, RAS, and other support were also provided to 
the following organizations who delivered Landsat training and 
demonstration to over 80 trainees in their communities. The time 
periods for these efforts and a list of the host organizations 
providing facilities and staff to help trainees on the terminal 

22 September to 4 October 1980 

1. Dr. Eugene Jaworski, (313) 487-1480 
Geography and Geology Department 
Eastern Michigan University 
Ypsilanti, Michigan 48197 

2. Steve Goodman (313) 769-5649 
Daedalus Enterprises 

Ann Arbor, Michigan 48106 

15 October to 20 November 1980 

1. Dr. Douglas E. Laine (313) 762-0278 
C.S. Mott Community College 

1401 East Court 
Flint, Michigan 48503 

2. Robert Karwowskl (313) 766-8593 
Michigan GLS Region 

Planning and Development Commission 
Flint, Michigan 48502 

24 October to 19 December 1980 

1. Dr. Elaine J. Wallace, Director (313) 584-93fU 
Coastal Environmental Studies Project 
Wayne County Community College 
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8551 Greenfield 
Detroit, Michigan 48228 

2. Daniel Snyder (313) 961-4266 
Southeast Michigan Council of Governments 
200 2nd Ave. 

Detroit, Michigan 48226 

3. William T. Cummings (313) 649-7349 
Detroit Edison Company (Room 356 E.C.T. 

200 2nd Ave. 

Detroit, Michigan 48226 

Limited by resources (e.g., two terminals), this method by which 
public and private organizations can join in cooperative efforts to 
share the terminals and other resources seems to be a good method of 
satisfying both training and demonstration requirements and in turn 
transferring Landsat technology to the largest number of professionals 
at the grass roots level. 

3.4 RECOMMENDED PHASE II PLAN 

A 12-month program involving additional community colleges is 
recommended to continue the expansion of the use of Landsat technology 
at the local level. Emphasis in this program would be directed at 
achieving the following goals: 

1. Continuing cooperative technology transfer programs to 
involve more colleges and local users with colleges providing 
self support of training courses with minimum NASA support. 

2. Identifying alternative sources for the RAS terminals by 
encouraging suppliers to meet user needs on an investment 
basis and users to procure their own terminal once a 
successful demonstration project is completed. 

3. Establishing new sources for the host computer service by 
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encouraging time-share companies, universities, and college 
computer-centers, to adapt the RAS software 

4. Upgrading the operational capability of R/,S terminals and 
host software to s-implify operations and add capability to 
manipulate other data soux'ces when justified by user needs. 

5. Upgrading training materials to facilitate their use by 
trainees and to incorporate additional exercises needed to 
introduce new terminal capabilities. 

Work recommended to achieve these goals is reviewed in the following 
five sections. 

3.4.1 ,SUPPORT COOPERATIVE TECHNOLOGY TRANSFER PROGRAMS 

Additional training and demonstration efforts are needed to 
continue to develop and illustrate the role of community colleges in 
partnership with the private and public sectors in the delivery of 
Landsat technology at the local level. 

Most of the organizations participating in Phase I as a terminal 
host have requested an opportunity to provide continued host services 
for Phase II. Some of the participants are also taking actions to 
establish their own processing capability. Wayne County Community 
College and Wayne State University have requested funding from the 
National Science Foundation for RAS and software needed to establish 
and maintain training and demonstration programs in Wayne County. 
Wayne County Community College has also met with the Department of 
Education to discuss the Landsat program and seek funding. EMU and 
the Detroit Edison Company are also investigating ways of acquiring 
terminals and software to maintaian a continuing role in the use of 
Landsat data. It is very possible that one or more of these Phase I 
participants will establish a Landsat data analysis capability within 
the next 12-month period if provided with continued encouragement and 
support by NASA. 
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The NASA activity in Southeast Michigan has caused other 
organizations to inquire ,about the possibility of participating in the 
Phase II program. It is not clear at this time how to best support 
programs which are more than several hundred miles from the host 
computer, due to the high cost of the telephone service between the 
terminal and its host. It is suggested that, in addition to 
continuing to support one or two Phase I participants, the Phase II 
effort include three additional colleger to organize cooperative 
technology transfer efforts in other regions of the state, (e.g.. 
Southwest Michigan, the Lansing-State Capital area, and Central 
Michigan). Theoe transfer activities would be modeled after the three 
Phase I programs where ''he college organizes and sponsors a seminar 
while several other local organizations also provide sites for the 
terminals where trainees can obtain additional hands-on training. An 
objective is '■n select a host for the terminal that will be convenient 
to the largest number of trainees (potential users). 

Colleges who have expressed strong interest in organizing these 
new regions include: 

State Capital Area; Lansing Community College 

In the Landing area, potential partners and trainees could also 
include staff from: Abrams Aerial Survey, John Snell Engrs., Michigan 

State University, Michigan Department of Natural Resources, Michigan 
Department of State Highways, other state agencies, the Tri-County 
Regional Planning Commission, and Resource Information Associates 
(RIA). 

Lansing Community College has a i’DP-11/35 coriputer, which is a 
potential near-term host for the RAS software. Other potential 
software hosts include the State of Michigan and MSU computers which 
are Burroughs 7700 and CDC 6500, respectively. 
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Central Michigan; Mid-Michigan Community Coll ege and/or Central 
Michigan University 

In the central Michigan area, additional transfer partners and 
trainees could also be drawn f t 'm Delta College University Center, 
Montcalm Community College, Environmental Sciences, Inc., Dow Chemical 
Company, and the Northeast and East Central Michigan Planning and 
Development Regions. 

Central Michigan University uses a CDC Cyber 172 Computer which 
is also a potential host for the RAS software. 


Western Michigan; Western Michi gan University 

Trainees or partners with Western could be drawn from Williams 
and Works (a major engineering firm in Grand Rapids), the five 
community colleges in the region, Sout'm-fest Michigan Regional Planning 
Commission, and Commonwealth Associates (a major utility company). 


Western Michigan University has a strong interest in upgrading 
its remote sensing program to include training in Landsat data 
analysis. The expressed interest for the use of a RAS installation at 
Western includes the following: 

1. A teaching tool in both regular classes and workshops, for 
community and small college faculties by the Geography 
Department. 

2. A research tool in remote sensing mapping by the Geography 
Department. 

3. A research tool to identify habitat types by faculty of the 
Biology Department. 

4. Teaching the use of remote sensing in resource management to 
high school teachers and intermediate ochool district 
personnel as well as community service organization leaders 
by the Science and Mathematics Education Center. 

5. A research and teaching tool for working with resource 
management problems for citizen groups and local government 
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by the University Center for Environmental Affairs under its 
National Science, Foundation, Science for Citizens program^ 

6. A training and demonstration device for local government 
officials and private consultant firms working in resource 
management problems by the Southwest Michigan Planning 
Council (Substate Region III). 

The Western Michigan University computer center contains a DEC 
PDP~10 computer. Preliminary investigations have confirmed the 
feasibility of adding the RAS software to this system. Addition of 
the software to this computer would also make the RAS operation 
available through the MERIT network which links computers at Western 
Michigan University, University of Michigan, Wayne State University, 
and Michigan State University. 

A workshop is suggested for the first month of Phase II with 
NASA, ERIM,. Phase I participants, and potential Phase II participants 
to assess the effectiveness of the Phase I training and demonstration 
efforts and to review recommendations and plans from the academic 
institutions who are proposing Phase II programs. The workshop will 
give Phase I and Phase II participants an opportunity to review 
program mistakes and successes, and give potential Phase II 
participants an opportunity to state -f:heir ideas on how to best 
conduct a cooperative technology transfer effort in their regions. In 
conjunction with NASA, academic institutions will be selected to 
organize and move forward with the Phase II transfer efforts. The 
Colleges will recruit organizations from the private and public sector 
to provide off-campus sites for the terminals and to supply trainees. 
NASA support to participants selected for Phase II would include 
training for Instructors and Associate Instructors, use of the RAS 
terminals, host computer service, and copies of the training 
materials. 
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3. A. 2 ESTABLISH ALTERNATIVE SOURCES FOR RAS TERMINALS 

Although the RAS terminals meet cost (under $20K) and performance 
specifications, their excessive weight and size make the mobility 
needed for on-site training and demonstrations difficult, Ramtek, who 
supplied the current hardware, has been encouraged to develop more 
responsive configurations. Contacts have also been made with 
Tektronix, Science Applications Inc., Applied Dynamics, Log Etronics 
Inc., Innovative Digital Equipment (IDE) and other potential suppliers 
in hopes of establishing alternative terminal configurations that 
offer cost or performance advantages. IDE and Ramtek have provided 
cost for updated RAS configurations. Trainees will be encouraged to 
purchase their own terminals from one of the available sources upon 
the successful completion of demonstration or training. This activity 
would continue through Phase 11. 

3.4.3 DEVELOP ALTERNATIVE SOURCES FOR HOST COMPUTER SERVICES 

As the distance between the terminal and the host increases, 
long distance telephone rates discourage terminal use. When the 
terminal can be hardwired to the host computer and operated at 9600 
baud, it displays an image light times faster than it does when 
operating through dial telephone line at 1200 baud. 

These factors suggest that the plan for the orderly continued 
expansion of the use of Landsat technology must also address the needs 
of transferring the RAS software operations to other host computer 
facilities. The academic institutions and computer time-share firms 
would be encouraged to add software to their computers, where 
possible, so that local users could take advantage of faster display 
rates when the terminals are hardwired to the computer or lower 
telephone rates if dial-line operations are needed. Large 
universities, college centers, and time-sharing firms are already 
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. accustomed to servicing terminal users and could adapt the RAS 
software and terminals in. stride. 

Many of the large computer time-sharing firms are now supporting 
many clients, e.g., consulting engineering companies who are also 
potential users of Landsat technology. A well designed transfer of 
the RAS software to one or more of these hosts could have an immediate 
impact on the use of Landsat technology. Preliminary contacts have 
been made with a few organizations (e.g., Boeing Computer Services and 
National CSS, Inc.), in order to evaluate methods and possible 
benefits for accomplishing this transfer. A development of one or two 
alternative host computer services would be an important goal to 
achieve during Phase II. 

3.4.4 UPGRADING CAPABILITY OF RAS TERMINALS AND HOST SOFTWARE 

From time to time, some software and firmware modifications will 
be needed in Phase II to make the terminals simpler to operate and to 
incorporate features which can be justified by user needs. Program 
evaluation forms completed by the trainees have already pointed out 
important changes that need to be made in the RAS firmware and 
software . 

A more time-consuming and expensive effort to undertake in Phase 
II is the development of additional RAS software needed to manipulate 
land cover data derived from Landsat with that in other digital files, 
such as soils, topography, etc. This new development is needed in 
order to provide the trainees with a better appreciation of the 
Usefulness of Landsat data. 

To demonstrate the capability of merging and using Landsat data 
with other data sources, a number of alternative paths should be 
investigated — all paths require some firmware and/or software 
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modifications and/or additions, 
include: 


Methods recommended for investigation 


1. Performing joint training and demonstration activities with 
organizations who are marketing geo data base equipment, 
software or services. Resource Information Associates, Inc. 
(RIA) for example, is a small, private sector firm marketing 
very low cost (under $10K) microcomputer geographic 
information and mapping systems. These systems could be used 
to manipulate processed Landsat data (land cover) with soils, 
topography, etc, in models useful to engineering and public 
organizations doing township and county level planning. 

Models could include programs to locate prime agricultural 
land, estimate quantity and quality of stormwater run-off, 
assess wildlife habitat quality, etc. Funding for this 
activity would be needed to establish Lan^i-at file(s) in 
floppy discs used by microcomputer(s) and perhaps support for 
work on models using Landsat data. 

2. Performing a joint effort with Detroit Edison, who's interest 
is to establish landsat processing capability in its 
PBP-11/70 computer, and to use this computer and associated 
digitizers and displays to establish and use a geo data base 
capability for its 7600 square mile service region. This 
approach may require assisting Edison with the work required 
CO integrate RAS software onto its PDP-ll/70, assisting in 
the development of software required to file and merge 
Landsat data with that derived by digitizing other data 
sources, assisting in the development of a model(s) which 
aids transmission line corridor selection, and the 
development of a county size demonstration project to 
demonstrate these new procedures. 
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3. Developing a telephone interface between the RAS trjrminal and 
the University of Michigan, Michigan State, or Wayne State 
computers so that trainees would have access to geo date base 
software available in these local computers. The U of M 
computer (MTS) contains the Harvard MGRID software, MSU 
provides Resource Analysis Procedure (RAP), and Wayne State 
provides the host services for SEMCOG. The SEMCOG files 
contain land use and other data for the seven-county planning 
region. SEMCOG is also a participant in the Phase I program 
and has continuing interest in Landsat technology. 

4. Obtaining software from one of the NASA centers or from some 
other source and integrating it with RAS/ERDC programs. ERIM 
is currently investigating software available from NSTL/Earth 
Resources Laboratory. A program reported by Walter (1973 
University of Florida) and referred to as the 'Optimum Land 
Allocation Computer Program’ could be readily integrated into 
the RAS/ERDC software operations. This software could be 
used in a new exercise where the trainee generates and 
displays: 1) parameter images which show different resource 

parameters, e.g., land use soils, topography etc.; 2) maps 
which show the suitability of land for any one specified use 
based on suitability of categories; and 3) optimum user 
allocation maps showing the best use for land considering its 
suitability and priorities for various uses. 

5. Transferring RAS software to a commercial time share company 
who has geo data software capability and who may already be 
supporting clients, e.g., engineering companies, who are also 
potential users of Landsat technology. For example, National 
CCS, a subsidiary of the Dunn & Btadstreet Corporation, 
provides a network of communications and computer services 
throughout the United States, England, and France. Programs 
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already in use on this host include ONSITE and MARKET BASE, 
two on-line demographic retrieval systems, ILUMS-Interactive 
land use mapping, AGS - a soil slope-stability analysis base 
management system* Boeing Computer Service provides UPGRADE 
- the User Prompted Graphic Data Evaluation System. At 
present, UPGRADE includes: air quality data (EPA SAROAD), 

water quality data (EPA STORET and USGS NASQAW) and 
demographic data (Census Bureau) which would be very useful 
to those involved in environmental programs. A well designed 
transfer of the RAS software to a host like CCS or Boeing 
could make a Landsat/Geo Data Base capability available to 
many potential Landsat users. To test this transfer method, 
support would be needed to install the software on the new 
host and to conduct demonstrations and market surveys. 

Approximately 2 man-months of support are required to develop new 
software, data files, example products and other materials needed to 
demonstrate the usefulness of Landsat data when manipulated by models 
and programs with other data sources. 

3.4.5 UPDATE TRAINING MATERIAL 

Training material, i.e., exercises and RAS User's Manual, as well 
as the RAS terminal itself, will evolve and change with use to 
incorporate new materials and features responsive to user needs. By 
the end of December approximately 100 trainees will have worked 
through the exercises and User's Manual. Almost all trainees to date 
have made some comments or corrections which will improve the training 
material. It is recommended that the training material be put on a 
word-processing machine during Phase II to facilitate revisions and 
additions. A Phase II objective would also be to make the training 
package completely 'self-contained' or as much so as possible. 

Ideally, a user with very little, or no background in remote sensing 
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supplied with a training package could train himself or herself to 
generate Landsat maps and, data products with the use of the terminal. 

Specific goals that should be achieved during Phase II include: 

1. Rewrite RAS User's Manual: Rewrite, incorporating feedback 

from workshop participants and RAS trainees. Correct errors. 
Place on word processor. 

2. Restructure the five RAS exercises: Utilizing feedback from 

RAS workshops and three cooperative technology transfer 
efforts, rewrite the existing five RAS exercises. Exercises 
should to be self-contained, and designed for someone with 
little professional training in remote sensing. Place on 
Word Processor. 

3. Prepare at least three additional RAS exercises: Write 

several new exercises, including: 

a. Manual interpretation of Landsat imagery. 

b. Electronic service requests. 

c. Integration of Landsat with data from other sources, 
e.g., aerial photographs, maps, other Landsat scenes, 
etc . 

4. Prepare training package for Geo-data base applications: 
Prepare a set of exercises and update training manual for the 
generation and application of geo-data bases. Illustrate 
utility of LANDSAT data in this regard. Interface existing 
map data as well as aerial photographs. Emphasize digitizing, 
encoding, data storage, merging, retrieval, and data 
manipulation. 

Generate video RAS training materials: Prepare color slides 

and other audio-visual materials needed to support training 
packages . 
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3.4.6 SECOND NATIONAL TECHNOLOGY TRANSFER PROGRAM 

The Second National Conference on the Role of Community Colleges 
in the National Technology Transfer Program is being planned for 
October 19-21, 1981. Location for the meeting will be Wayne County 
Community College Campus and the Ponchatrain Hotel downtown Detroit. 
Sponsors for the first national conference May 24, 1978 included: 
American Association of Community and Junior Colleges, Council of 
North Central Community Junior Colleges, Environmental Research 
Institute of Michigan, Michigan Community College Association, 
Southeastern Michigan League of Community Colleges, and the 
Southeastern Michigan Technical Assistance Program. 

It is suggested that the NASA Phase II program cooperate with and 
issist in the organization and planning of this conference in order to 
obtain national awareness of NASA's efforts to transfer Landsat 
technology through community colleges. This conference should provide 
the exposure needed to initiate similar transfer efforts in other 
states . 
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CONCLUSIONS 


4.1 NETWORK AND PARTICIPANTS 

To reach as many practicing professionals as possible within 
southeast Michigan, the Phase I participants were organized by region 
into three cooperative efforts for the purpose of delivering the 
training and demonstrations. The participants included: NASA, the 

sponsor, ERIM, who assembled and supplied the RAS and other materials, 
C.S. Mott Community College; Wayne County Community College; and 
Eastern Michigan University, who organized and sponsored seminars to 
attract practicing professionals to a program of training in Landsat 
technology and the off~campus host for the terminals where trainees 
obtained additional hands-on training. The off-campus host i'" 'luded: 
Daedalus Enterprises; Detroit Edison Company; Michigan GLS Region V 
Planning and Development Commission; and Southeast Michigan Council of 
Governments^ Aji objective was to select a host that would be 
convenient to the largest number of trainees and who was also a 
potential user of the technology. The host also had the opportunity 
to use the terminals to co 7 :.duct demonstration projects and to train 
other employees in their organization. 

Approximately 100 people were provided hands-on training on the 
RAS terminals. Many others had the opportunity to attend brief 
demonstrations or one day workshops. Organizations providing staff 
for the hands-on training included: 

Daedalus Enterprises 

Detroit Edison 

Science Applications, Inc. 

NOAA 

Johnson and Anderson 


33 




Black & Veatch 

Neyer, Tiseo & Hindo., Ltd. 

Environmental Sciences, Inc. 

Department of Natural Resources - Puerto Rico 
SFERES - France 

Wayne County Community College 
C.S. Mott Community College 
Washtenaw County Community College 
GLS V Planning Region 

Southeast Michigan Council of Governments 

Eastern Michigan University 

Michigan State University 

University of Michigan 

Cranbrook Institute of Science 

General Motors Institute 

Tel Aviv University - Israel 

Since the colleges sponsor the training programs through the 
usual registration-fee method (which pays the instructor) and the 
other terminal hosts are provided training facilities and staff 
support at no cost to NASA, the training and demonstration activities 
are almost self-supporting. NASA's support includes the use of the 
terminals with host computer support and copies of the training 
material, a program goal of having approximately 100 local 
participants trained in Landsat technology by 20 December 1980 was 
achieved. This concept for training and education utilizes existing 
organizations; one of its greatest strengths is that the various 
people and organizations occupy roles for which the required 
positioning and motivation have already been established. 

4.2 TRAINING MTERIALS 

Three (3) RAS terminals, the RAS User's Handbook, and a set of 
five exercises were assembled and in continuous use since mid July 
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1980. The number of public and private organizations purchasing these 
materials for their own use provides one measure of gaging the 
effectiveness of NASA's technology transfer effort. A RAS terminal 
and associated software has been acquired and is in operation by the 
Institute for Applied Geosciences, Frankfort, West Germany. A 
terminal has also been purchased by Texas Christian University (TCU). 
Other organizations likely to acquire terminals within the next month 
or two include: the U,S. Forest Service, NASA-Houston, The Society 

Francaise d' Etudes et de Recherches Economiques et Statistiques 
(SFERES)-Paris, France, and Telespazio-Rome, Italy. Wayne County 
Community College in conjunction with Wayne State University have 
requested funding from the National Science Foundation for RAS and 
software needed to establish and maintain training and demonstration 
programs in Wayne County. Wayne County Community College has also met 
with the Department of Education to discuss the Landsat program and to 
seek funding. Eastern Michigan University and the Detroit Editson 
Company are also investigating ways of acquiring terminals and 
software to maintain a continuing role in the use of Landsat data. 

The investigation has demonstrated that recent developments in 
computer technology now make it possible for the private sector to 
provide high-quality Landsat products and services, using a desk-top 
computer terminal, at low initial investment of about $20K. It also 
shows that community colleges as well as private and public 
organizations, which are readily available to the local user 
community, can join in cooperative efforts to deliver the needed 
training in the use of the terminals and the application of Landsat 
technology. In addition, this approach permits a gradual expansion of 
the initial iow-cost user facility as confidence and available capital 
increase and as the system shows potential for easily merging other 
sources of data (soil, topography, etc.) into the Landsat analysis 
process . 
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4.3 NEED FOR ADDITIONAL TECHNOLOGY TRANSFER EFFORTS 

% 

AddiEional training and demonstration efforts are needed to 
continue to develop and illustrate the role of community colleges in 
partnership with the private and public sectors in the delivery of 
Landsat technology at the local level. It is believed that this model 
extension network has been successfully demonstrated in Southeast 
Michigan and, if continued and expanded in Michigan and perhaps to a 
few other states, other colleges will follow nationwide. There are 
1,240 community colleges and technical institutions in the United 
States, located in 426 of the 435 congressional districts (1977 data); 
each of these institutions has close connections with various public 
and private local organizations that could benefit from the use of 
Landsat or more directly, from the information it provides. The close 
relationship between the community colleges and the local communities 
makes the college ideal for transferring remote sensing technology. A 
technology extension network, with support to community colleges 
paralleling present-day vocational education funding, might be a 
legislative goal. 


Appendix A 

Brochures from Colleges 


Following are brochures which were published by the colleges 
announce seminars conducted as part of the cooperative technology 
transfer efforts. 
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Daedalus Enterprises 

Environmental Research 
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Michigan Community College 
Association 



AN3MOU?yCSiViEiMT 

8p«Qiai Couraa 
Battmi Mleltlgaii UniY*r*lty 

CCXIPERAJIVE TECHNOLOGICAL TRANSFER 


IMASA 


Washtanaw Community College 

National Aeronautics and 
Space Administration 

Southeastern Michigan Technical 
Assistance Program 


GE0478 "SPECIAL TOPICS: REMOTE AREA SENSING" 

Description 

This special topics course has been designed as a training-demonstration and 
educational tool for potential users of LANDSAT (Satellite Imagery) technology. 

The course gives participants an opportunity to obtain training in the computar 
assisted interpretation of Landsat data, generation of digital data bases for 

-mriTnan#* . ITGSOlll^CQS « cXtlcl USS* 

Participants vill work through five exercises which will involve 13 to 22 hours 
of training using a color, interactive "Remote Analysis Station" (RAS). The 
RAS communicates with a central computing facility via telephone lines, and 
provides for generation of land cover maps and data products via remote command. 

It is anticipated that some trainees may be selected to use the RAS terminal to 
undertake further work on a demonstration project of their choice. 

Intended Audience/Preregulsites 

The course is designed for practicing professionals and students who desire a 
comprehensive understanding at a basic level of the pertinent concepts, potentials, 
problems, and trade-offs associated with the practical and operational aspects of 
collecting, interpraclng, and merging Landsat data with other data sources and 
applications for these data. No formal prerequisites are required". The course is 
open to undergraduate, graduate, and non-credit trainees. Additional work will be 
expected from the graduate students that enroll for this seminar. 

Training Sites 

A RAS terminal will be available at Daedalus Enterprises in Ann Arbor and at 
Eastern Michigan University (Room 222, Strong Hall) in Ypsilanti, Michigan. 

Dr. Eugene Jaworski of Eastern Michigan University will assign trainees to the 
site of their choice where possible. 

Instructors 


Principal Instructor; Dr. Eugene Jawors'Kl, Assistant Professor, Eastern Michigan 
University, Geography & Geology Department, (313) ii87-14S0. 

Associate Instructor; Steve Goodman, Daedalus Enterprises, (313) 769-5649. 

Associate Instructors: Larry Reed, Bill Tyler, and Roger Reinhold, Environmental 
Research Institute of Michigan, (313) 994-1200. 
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Training Macerlala 

This course uses the RAS cenninal, workbooks* and other material developed by 
the National Aaronautlcs and Space Administration, which is evaluating methods 
of making Landsat aatellita technology more readily available to the private 
and public sectors through local comnmnity colleges and universitiea* Thfi 
course does not require additional texts or other materials. 


Credit 

Two hours of undergraduate or graduate credit may be earned by completing this 
seminar. Enrollment on a non-credit basis is permitted. If you de&ire further 
information on non-credit, please contact Paul Borawaki at (313) 487-0314. 

Cost 

Undergraduate 
Tuition 

Registration Fee 


Total 

Seminar Schedu3,e 

The following schedule will be adhered to. The course will run for two weeks 
commencing on September 22, 1980 and concluding on October 4, 1980. It will 
run five days a week from 8:00 a.m. until 10:00 p.m. Students will not be 
expected to attend the entire time; however, they will be expected to attend 
at least 30 hours of instructional time during this period. The course 
instructors will schedule students for computer time during the two week course. 

Class Size 

The course is designed to accommodate up to twelve trainees with priority given 
to practicing professionals. 

Registration 

A registracion form has been attached; when completed, it should be mailed to 
the Registration Office, Briggs Hall, Eastern Michigan University, Ypsilanti, 
Michigan Afll97. 



Graduate 


Non-Credit 

S60. 

$20. 

Tuition 

Registration Fee 

$84. 

$20. 

$60. 

$80. 

Total 

$104. 



Similar Training Programs 

Similar training programs will be offered in the October-November time period 
by Wayne and Charles Stewart Mott Community Colleges. These programs will 
deploy ElAS terminals at sites in Wayne, Oakland, Genessee, and Ingham counties. 
For further information on these training opportunities contact; Dr. Douglas 
E. Lane, C.S. Mott Community College, 1401 East Court, Flint, Michigan 43503, 

(313) 762-0278, or Wayne Community College, Elaine Wallace, Coastal Environmental 
Studies, 8551 Greenfield, Detroit, Michigan 38228, (313) 584-9381. 
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COMMUNITY SERVICES 
PROGRAMS 

FTtOM 

3IVI3I0M OF SCXESC2 i .HASS 

3Azai.::rs iustcrs ssisctc 


?hyslcai Scienea ;00-2 
Saccion ;S2!iF 


(Hay be sakan for Cradic or Audie) 


Fraraquisieai A 3asic courao la Caography or Oaoiogy, aoa cuo aeaaaeers of Algabra. 
(Fracclclng Frofaaalonals say disregard cha praraqulalcaa.) 

Hoe: CosBVJmiey Coilaga vlll ba offarlitg a samlnar on SacaXllca Aenoca Sanslng 
during :ha Fall 1980 Saoaacar. 

Tha couesa has baan daslgnad as a esalnlng-daoonscracion and aducacionaX eooX for 
pocanciaX usars of cha LAHDSAX vSaea,Ulca loagary) TacimoXogy. Iha eoiursa glvaa 
particlpancs an opportunley eo obeals eraining in eha eompucar aaslsead InearpracaeloH 
of wUICSAX dacat ganaraclon of dlgleaX daca basaa frota LASOSAt, aarlaX phoeography 
and sap sourcas; and co usa ehasa daca baaas for planning and sanagasonc of eha 
anvlroninanc, nacuraX. casoureas, and land usa. 

FarelcXpancs vlXX vork ehrougb flva azasclsos vhlch ullX involve 10 eo 16 hours of 
eraining using a color, inearacclva "Seaoea Analysis Scacion" (8AS) . The FAS 
cosssunicacas vieh a caneraX coopuelng faciXitT' via caXaphona lines, and providas 
for ganaraeion of land covar saps and data produces via reiaoca conosnd. 


THE DATE; 


THE COST: 


Occobar 15, 16, & 17, 1980 froa 8:00 a.a. - 5:00 p.o. 
and an addieionaX 3 hours by individual arrangemenc. 

.Hoec Cossetmlcy Collage Diserice Haaldenc SSS.OO 
Hichigan .Fasidonc oucside HOC Diserice S67.00 

Ouc of Seaca Faaidane 391.00 

COOPEHATTTE TSCHHOI.OOieAL THAMSFER 


* Charlas S. .Hoee Consmnicy Collage 


Environoancal laaaarcn Inscieuce • 

of Michigan 

Michigan CamaiBiicy College * 

Assoclaeion 

For addlcional inforoacion concacc: 


" Canasaa-Lapear-Shiouaesee 

Flaming and Davalopaanc Cooaission 

* .'tacional Aaironaucics and Space 
Adnlnlacraclon 

* Soucheaacem 'Michigan Technical 
Assiscance Frograa 


Douglaa E. Lalne, Chalrparson Division of Science and Mach 
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NASA 


. SEHCOG (South Suat Mlchlgaa 
Council ot Goveenmeota) 

• EziTironmeobal Besearch 
Instituta of Hlchlgan 

. Mlchigsun Connaunity Collage 
Aaaoclatloa 

LANDSAT-BEWerTB 


• Detroit BdULson. 


• National Aeronautlca and 
Spane Adnintatratloa 

• Southaastera Michigan Technical 
Assiatanoa Pxrogcaa 

VCRKSHOP 


Deaerlotioa 

Thin special topics couesa has bean designad as a tralning-deaoaatratlon and 
educational, tool for potential usars of LANDSAT (Satellite laagery) technology. 

The course gives participants an opportunity to obtain training la the computer 
assisted, interpre^tioa of Landsat data, generation of digital dat«k bases for 
planning and nanagenest of the environnent, natural resources, and land use. 

Participants »dll worh through five exercises which will involve 18 to 22 hours 
of training using a color, Intecaxrtive ”Beiu:rtQ Analysis Station” (BAS). The 
BAS camnnnicates with a central computing facility via telephone lines, and 
provides for generation of land coyer, maps- and data products via remote conmaod. 

It is anticipated that some trainees may be selected'to use the BAS terminal to 
undertake further work on a demonstration project of their choice. 

Inteadad Audienca/Erere^^^l^fl^^tflw 

The course is designed for practicing profesaionals and students who desire a 
comprehensive understanding at a basic level of the pertinent concepts, potentials, 
pcobLems, and trade-offs associated wito the practic^ aid. operational aspects of 
collecting, interpreting, and aergiog. Landsat data with other data soucces and 
applications for „these data« .No formal prerequisites are req,ulxed. 

Training Sites 

A .BAS terminal will be available at* 

Wayne County Goamunlty GoUogo, Northwest Region, 5551 Greenfield Boad- 
Boon A 323 (October 24 - Novemb« 7 and Deiomber 8-- December I 9 ) 

SSMCOG — Downtown Detroit (November 10 -* November 21) 

Detroit EJdison, Troy, Michigan (November 24 - December 5) 


PRECEDiriG PAGE ^^0T 
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llna-cruetors 

PrinciB?.! Instructor t Dr. SLaiue Vallaca, CESP Director, Wayne County Gonnimity 
College, ( 313 ) 584-9381 

Associate Ins'^ructorst Dan Synder, SS2%!CG; Williaa Cummlngp Detroit Bdlsont 
Reginald Beasley, Detroit Sdisont atxi Li.'rS 7 Reed, Bill Tyler, and Roger Reinhold, 
Envlronnental Research Institute of Michigan, (313) 994-1200 (ext. 576) 

Training Materials 

This coinrse uses the RAS terminal, vorkbooks, aM other saterlal developed by 
the Kational Aeronautics and Space Administration, uhich is evaluating nethcds 
of making Landsat satellite technology acre readily availabla to the private 
and public sectors through local community colleges and universities. The 
course does not require additional tarts or other materials . 

Cost 






Registration Fee $50 
Seminar Schedule 

The foUovlng schedule Hill be adhered to. Participants hUI be expected to attend 
a two day workshop plus approximately 18 hours of terminal time. 

Workshop — October 24 91 00 a.m. - 4t00 p.m. 

October 27 9»00 a.m. - 4t00 p»a« 

Room A200 Wayne County Community College - ■ 

8551 Greenfield 
Detroit, Michigan 48223 


Glass Siae 


The course is designed to accommodate up to twenty trainees with trioity given to 
practicing professionals. 

R egistration ‘ 

You may register in advance, on a first-come first-servo basis, by calling 
Dr. Slalne Wallace, Wayne County Community College, 584-9381 (313) 

Glass size will be limited to twenty. 


A-8 




OS? 5"“ 


Appendix B 

RAG OPERATING INSTRUCTIONS 


B.l INTRODUCTION 

B.1.1 THE RAS SYSTEM 

The Remote Analysis Station (RAS) consists of a color CRT imagery 
display, with alphanumeric overwrite and keyboard, as well as a 
cursor controller and modem (Figure 1) • This portable station can 
communicate via modem and dial-up telephone with a host computer at 
1200 baud or hardwired to a host computer at 9600 baud. The station 
contains a Z80 microcomputer which controls the display refresh memory 
and remote station processing. Landsat data is displayed as three- 
band false-color imagery, one-band color-sliced imagery, or color-coded 
processed imagery. Although the display memory routinely operates at 
256 X 256 picture elements, a display resolution of 128 x 128 can be 
selected to fill the display faster. 

The sloxjest filling of the display would be for three-band false 
color imagery. False color display fill rates for the various reso- 
lution and baud rates are shown in the following table. The single 
band color sliced and categorized images (with less than 16 categories) 
v/ill fill the display at twice the indicated false color rates. 

APPROXIMATE FALSE COLOR DISPLAY FILL RATE AND RESOLUTION 


Baud 

Rate 


1200 

(Dial Line) 
9600 

(Local Line) 


Resolution-Pixels 


Display 
128 X 128 

120 sec. 
15 sec. 


256 X 256 

8.5 min. 
64 sec. 
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The interactive operating techniques developed for RAS permit 
most of the interaction to be performed at lower resolutions and 
faster display fill rates,' with the high resolution capability used 
for viewing the final processed data. The key to the relatively 
rapid fill rate is that the data being transmitted to the RAS by 
the host computer are already scaled to three bits per color, 
display resolution for the three CRT guns (red, green, and blue) 
prior to transmission with one bit, for graphics overwrite. 

The RAS features the following capabilities: 

• Low cost - the station can be assembled from readily 
available hardware for less than $20,000. 

• System portability - the user supplies only electrical 
outlets and telephone. 

■ Interactive control via a simple, menu^driven language. 

• Dial-up access to host computer with selectable trade- 
off between image viewing speed and quality (resolution) . 

• Histogram display, categorization accuracy tables, and 
results of category separation analysis. 

• Categorized image display in colors selected from list 
with over 40 options. 

• Edit colors within areas enclosed via cursor - 'digital 
air brush' . 

• Generation of land cover tabulations directly from display 
by designating boundary of area with cursor. 

• Display of selected map categories over false color images. 

0 Input of image and map control points for geometric 

correction. 

0 Generate electronic service request for initial Landsat 
files, and subsequent image and data products. 
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During this program the host computer for the RAS has been the 
PDP-11/70 computer in ERIM’s Earth Resources Data Center (ERDC) . 
Figure 2 illustrates the RAS - linked to its host via phone line 
and modem. The PDP-11/70 peripherals consist of the following; 

• lOOOK bytes of memory 

• Four 176 megabyte disks. 

• Two 2.5 megabyte program disks. 

• Four 9-track computer tape transports. 

• Two interactive display stations. 

o One 16-channel terminal multiplexer. 

• Two telephone modems. 

• Datagrid digitizer table. 

• Optronics drum film recorder. 

9 Two hardwired high-speed maximum likelihood processors. 

B.1.2 RAS OPERATION 

RAS features interactive control via a simple, menu-driven 
language. Table 1 lists the present 6-Option menu with sub-menus 
and the moot frequently used off-line programs. After the user 
has logged in, operation is initiated by display of the six major 
options. To call one of the sub-menus, the user simply enters the 
appropriate letter, e.g^, "R" for RADIOMETRIC and the corresponding 
options, false color, color slice, contrast etc., appear. 

Selection of one of these results in further options , e. g. , band- 
color assignment, gain - offset levels, etc. 

Each submenu pertains to a set of related options. The 
option QUIT is rather straight forward. RADIOMETRIC options are 
those which operate on the spectral or radiometric content of 
the data. In contrast, the GEOMETRIC options include functions 
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REMOTE ANALYSIS STATION 



Figure 2. RAS and Host Compucejf 



















Table 1. RAS 6-OpCion Menu and frequently used 
off-line programs 


1. QL’ir'(Q) 


2. RADIOMETRIC OPTIONS (R) 

1 FALSE COLOR 

2 COLOR SLICE 

3 CONTRAST 

4 CATEGORIZE 


3. GEOMETRIC OPTIONS (G) 

1 LOCATION 

2 SCALE 

3 IMAGE CONTROL POINTS 


4. TRAINING DATA (T) 

ENTER TRAINING SET NUMBER? 
ENTER UPPER LEFT CORNER 
ENTER UPPER RIGHT CORNER 
ENTER LOWER RIGHT CORNER 
ENTER LOWER LEFT CORNER 
NAME.? 

GROUP NUMBER & COLOR? 


5. MULTISOURCE PROCESSING (M) 

1 CATEGORICAL DISPLAY 

2 CATEGORICAL OVERIDE 

3 CO-OCCURRENCES 

4 EDIT 

5 AREA TABLES 


6. UTILITIES (U) 

1 PAUSE 

2 STOP 


7. FREQUENTLY USED OFF-LINE PROGRAMS 

1 TRAINING SET HISTOGRAMS ($RHST) 

2 REMOTE CATEGORICAL /.NALYSIS ($RCA) 

3 ACCURACY TABLES ($RCT) 

4 REMOTE CATEGORICAL PROCESSING ($RCP) 

5 ELECTRONIC SERVICE REQUEST ($ESR) 

6 TEXT EDITOR (EDI) 
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such as Location and Scale which are spatial or geometric in nature. 
Functions relating to training sets are contained within the TRAINING- 
DATA menu. The MULTISOURCE PROCESSING submenu involves data from 
several sources as well as allows the user to manipulate and edit 
a previously categorized file. At present the UTILITIES option 
consists only of a Pause and Stop option. The PAUSE mode facilitates 
the temporary interruption of the PvAS program for running off-line 
programs on an associated hard copy device, when available. Most of 
the performance statistics are run off-line so as not to unduly en- 
large the basic RAS software. 

B.1.3 SUMMARY OF OPERATIONAL STEPS 

As indicated by the flow diagram, the RAS user may initiate a 
project at several different stages in the processing path (Figure 3). 
Many users will want to begin with a subscene which has been geometri- 
cally corrected, restored and resampled. Others who are more cost 
conscious may wish to process a raw Landsat subscene and perform 
a geometric correction after the creation of a categorized file. 

The following events describe those typically used by RAS operators 
to process Landsat data: 

1. Data Collection. Prior to processing, the user acquires: 
LANDSAT Computer Compatible Tape (CCT) , aerial photography, 
maps and other ground truth data needed to locate training 
areas for land cover categories; and, topographic maps needed 
for geometric corrections. 

2. Specify study area and preliminary products . The user 
sends his Landsat tape to the host computer facility 
together with information needed to establish initial LANDSAT 
files of study areas. Information needed includes *'mount" 
date, location of file in Landsat coordinates, and specifi- 
cations for geometric corrections. If host is to input 
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% DATA COLLECXIOM 
Landsac CCT 
Ground Truch 

• SPECIFT Resource Needs 
Mounc Dace 
Pile Location 
Geomecrlc Requlremencs 
Preliminary Products 
e.g. , false color, 
histograms 


t FALSE COLOR 
• COLOR SLICE 
t CONTP-A2T STRETCH 


t HISTOGRAMS ($RHST> 

• PERFORMANCE 

STATISTICS ($RGv) 

• ACCURACY TABLES ($RCT) 


• USER-SMALL AREAS 
Run $RCP 


• SCREENING AND EDITING 

• AREA TABLE 

• CATEGORY OVERIDE 


• COLOR CODED MAPS 

• DIGITAL FILES 

• AREA TABULATIONS 


Figure 3. FLOWCHART ILLUSTRATING STEPS IN 
PROCESSING A SUBSCENE USING RAS 
TERI'IINAL 
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image anid map control points for corrections, the user will 
also forward the topographic maps to the host facility. The 
user may also request histograms and a false color print of 
the study area at this time. 

3. Establish link with files . At the specified mount date, 
the host computer reads the study area onto a disk and into 
the user's assigned file. The user should have at this time 

a RAS User's Manual, histograms, ground truth data (e.g. , aerial 
photos and LANDSAT false color images) annotated with possible 
training site locations, and topographic maps, if ground control 
points are to be entered through the terminal. The user 
"dials up" the host computer. Two outside telephones have 
been established for this project, 

4. Optimize and view study area and ground control point 
input option . Using selections from the Radiometric and 
Geometric submenus, the user will call up a display full of 
data from hi& disk area by scan line and pixel number. After 
general familiarization with the file, the user will optimize 
the false color and level sliced picture with the aid of the 
Histogram and Contrast display mode. If the data has not 
been corrected for geometric distortions, the user can elect 
to enter the image and map control points at this time or 

at any other time preceeding the generation of the final map 
and data products. Geometric considerations are reviewed 

further in a following section. 

5. Select training data . Once map category needs have 
been established, and potential training set areas have 
been located on the display with the aid of ground truth 
data, the user begins to select training sets. More than 
one training set can be selected from the display without 
moving to another image location. Operating in the Training 
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Data mode, training sets are selected using a quadrilateral 
cursor, and the cursor coordinates along with training set 
identification and color codes are transmitted to the host 
computer. 

6. Training set analysis . The user proceeds to interactive 
analysis after initial training sets are selected. This 
involves running the off-line Remote Categorical Analysis 
(RCA) program to establish processing coefficients (Walsh, 

79, Wilson, 79) and selection of the Categorize option to 
display the processed data. Typically, the first analysis 
is performed after 6-8 training sets are selected. Categorized 
data on the display, together with statistical printouts (as 
overwrite) are reviewed, and then training sets refined and 
additional training sets selected until the desired results 
for up to 50 categories are available. Typically, 10 to 25 
training sets for 6 to 15 map categories are selected. The 
categories are then aggregated down to the desired number of 
final map categories. 

Statistics generated from off-line programs, such as RCA, 
ACCURACY TABLES (RCT) , and TRAINING SET HISTOGRAMS (RHST) , 
are viewed on display or on line printer. If the printer 
is not available, the display must be photographed if the 
information is to be retrieved before hard copy from the 
host computer arrives. When categorize is selected from the 
RADIOMETRIC submenu, the user views the interpreted data as 
it is being processed by the host computer with parameters 
computed by RCA from training data. Processing accuracy is 
often assessed by comparing this color-coded image with aerial 
photographs and other ground truth data. Some users photo- 
graph the display for more detailed analysis at a more 
convenienct time. To minimize cost, many training and 
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demonstration projects end Landsat categorization activity 
at this point using the photographs and statistics to document 
the projects. 

7 . Apply analysis results to categorize study area . 

Presuming the categorization is satisfactory, the user can 
categorize the entire file (study area) with Remote Categorical 
Processing (RCP) , through the Electronic Service Request (ESR) 
program. Unless the files are relatively small (e.g. , county 
or smaller) the categorization should be referred to the host 
which can process the files more efficiently with its hardwired 
high-speed processors. 

8- Multisource processing. After the area of interest has 
been categorized and placed l& the user's working area, some 
of the following multisources processing options can be selected 
as needed to manipulate and edit the processed data. 

Catego rical display . Categorical display can be requested 
to review the processed file. Since the interpreted file can be 
displayed much faster than files being processing, the user may 
select this mode to preview the file at a higher resolution than 
that accomplished during Land cover analysis, b* Editing . 

P6^^™its the user to change colors in any area enclosed with 
cursor. When this "digital airbrush" activity is accomplished by 
a careful operator with good ground truth, the effort can result 
in a significant improvement in classification accuracy. This 
option is also used to demonstrate how data from other sources 
aerial photos, maps, etc.), can be integrated into 
Landsat files, c. Area tables . Area tables generated from 
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categorized data bounded by cursor on display lists acres, 
square kilometers, and percentage of area occupied by each 
land cover category, 't^hen boundaries of areas are complex 
or not visible on image, the host facility digitizes the 
boundary from maps supplied by the user and generates 
tabulations. 

9. Specifying products . The user selects theme colors, and 
map products (scale and projection), digital files, area 
tabulation, etc. and transmits the order to the host com- 
puter via an Electronic Service Request. The products are 
generated off-line and sent to the user. 

10. Geometric corrections . The user can contribute to geometric 
corrections if needed prior to or fallowing training set analysis. 
In either case, the RAS user simply enters the image and map 
control points and receives an analysis of mapping error based 

on their use. 

If corrections are needed, user specified options include; 

1) when corrections are to be made; 2) whether RAS or host is 
providing image and map control points; 3) desired map projec- 
tion and cell size; 4) mapping transformation or model (i.e., 
nearest neighbor, cubic convolution, restoration) . Details of 
these options have been xirell documented (Uilson, 80) . If 
corrections are performed before land cover analysis, the host 
esta., lisaes a corrected file in the users area. This file can be 
generated with virtually any map projection and cell size. A 
typical file would be in the UTM projection with 50 meter x 
50 meter square cell. The cells would be east-west oriented with 
north imaged at the top of the display. This display facilitates 
comparison of Landsat image with available photographs and maps 
as well as location of potential training areas. 
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If geometric corrections are established with support from 
the terminal, thf ' •, irst establishes uncorrected files. The 

image coordinate of map control points are located on the false 
color display and transmitted to the host computer when the Image 
Control Point option of the GEOMETRIC menu is executed with the 
cursor over the image control point. Latitude and longitude of 
corresponding points are derived from topographic maps and entered 
through the keyboard with off-line TEXT EDITOR (EDI) program. The 
Electronic Service Request (ESR) or other means can be used to 
inform the host of the selection of processing algorithms. 

Residual errors are transmitted to the user for reveiw. 


Appendix C 

SPECIFICATIONS FOR RAS HOST COMPUTER AMD PERIPHEPJVLS 
C. 1 REQUIREMENTS 

C.1.1 GENERAL HARDWARE REQUIREMENTS 

Following is a summary of equipment requirements and recommenda- 
tions for supporting the RAS subsystem. 


SUMMARY OF EQUIPMENT REQUIREMENTS AND RECOMMENDATIONS 

Mainframe 

• Floating point multiply/divide hardware*^, 

• At least 16-bit addressing. 

• Program memory. 

— Required 64 K bytes. 

Peripherals 

• Random access disk, memory: recommended minimum 5- 

megabyte (coiaty size area). 

• Magnetic tape drive: 9-track, 800 or 1600 bit per 

inch (BPI). 

• RAS connected via RS-232 terminal port. 


C.1.2 GENERAL SOFTWARE REQUIREMENTS 

Certain machine software requirements are necessary to support 
the RAS subsystem without extensive modifications. A list of these 
requirements follows: 


The host machine must have a 16-bit or a 32-bit word size 

The host machine must support FORTRAN IV or a higher 
FORTRAN language. 

The host machine must have machine language for disk and 
tape data handlers for image data. 


Recommended because of the high volume throughput required by 
data pcocessing. 
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C.2 DESCRIPTION 


C.2.1 GENERAL 

Essentially, RAS is a FORTRAN program used to support the pro- 
cass:t.g and analysla of digital Imagery data, such as remotely sensed 
data and ancillary data. The complete BAS softoare consists of the 
RAS program and numerous application modules. 

The RAS program is coded in FORTRAN except for a few machine- 
dependent, FORTRAN-callable subroutines that are used to accomplish 
I/O, bit and byte manipulations, and certain control functions. Each 
of the application modules is also written in FORTRAN but relies on 
the operating subsystem for machine-dependent functions. 
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